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[57] ABSTRACT 

A part of a polycrystalline silicon ?lm forming a 

grounding line in a memory cell of a high-resistance 
load type SRAM, located immediately below a contact 
hole for connection between a polysilicon power supply 
line part and an aluminum power supply line part, is 
separated and isolated from the remaining part of the 
polycrystalline silicon ?lm to form an island-like part. 
The contact hole extends through an interlayer insulat 
ing ?lm below the aluminum power supply line part, the 
polysilicon power supply line part and another inter 
layer insulating ?lm above the island part, and reaches 
the island part, whereby the aluminum power supply 
line part contacts even the island part through the 
contact hole. The island part also contacts the polysili 
con power supply line part through another contact 
hole, whereby low-resistance contact can be obtained 
between the aluminum and polysilicon power supply 
line parts through the island part. Since the contact hole 
can be provided at a position above a grounding line, 
the area of the cell can be reduced. In this case, even 
when the contact hole reaches the polycrystalline sili 
con ?lm of the grounding line due to difficulties in its 
etching control, undesirable short-circuiting can be 
avoided between the grounding and power supply lines. 

10 Claims, 5 Drawing Sheets 
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SEMICONDUCTOR DEVICE HAVING 
CONDUCTING LAYERS CONNECI'ED THROUGH 

CONTACT HOLES 

FIELD OF THE INVENTION 

The present invention relates to semiconductor de 
vices in which conducting layers are connected through 
contact holes and more particularly, to a semiconductor 
device which can be suitably applied to a high-resist 
ance load type static random access memory (SRAM). 

BACKGROUND OF THE INVENTION 

In a prior art integrated semiconductor device having 
multiple conducting layers it has been difficult to estab 
lish proper wiring between target conducting layers. 
For example, with a high-resistance load type SRAM, 
resistance elements and power supply lines are made of 
polycrystalline silicon ?lms within a memory cell array 
and are wired through contact holes at the boundary of 
the array with electric wire parts made of metal ?lms 
such as aluminum ?lms located outside the memory cell 
array. 
However, this type of SRAM has been defective in 

that, when the polycrystalline silicon ?lm is made thin 
for the purpose of obtaining a high resistance, the 
contact holes may often be made penetrating the ?lm, 
which results in short-circuiting between the power 
supply and grounding lines where the contact holes are 
formed on the grounding lines. 
FIG. 7 shows an equivalent circuit of an exemplary 

high-resistance, 4-transistor cell of an SRAM. This 
memory cell 11 has a ?ip-?op 12 which comprises a pair 
of inverters 13 and 14 having inputs and outputs wired 
in cross connection. The inverters 13 and 14 are made 
up of driver transistors 15, 16 and load resistor elements 
17, 18 respectively. Additional transferring transistors 
21 and 22 form the memory cell 11 together with the 
above ?ip-?op 12. 
The transistors 15 and 16 are connected at their 

sources to a common grounding line 23, while the resis 
tor elements 17 and 18 are connected to a common 
power supply line 24. The transistors 21 and 22 are 
connected at their gates to a common word line 25, and 
also connected at ones of their sources and drains to bit 
lines 26 and 17. 
The resistor elements 17 and 18 are generally made of 

a high-resistance polycrystalline silicon ?lm, and the 
power supply line 24 within the memory cell array is 
made by lowering the resistance of the corresponding 
part of the same polycrystalline silicon ?lm as the resis 
tor elements 17 and 18. For the purpose of minimizing 
the standby current of the cell array and thereby reduc 
ing its power consumption by increasing the resistance 
values of the resistor elements 17 and 18, it is common 
practice to make thin the polycrystalline silicon ?lm of 
the resistor elements 17 and 18 as about 50 nm. 
As further shown in FIG. 8, the power supply line 24 

‘ usually has a power supply line part 240 made of a 
polycrystalline silicon ?lm within the memory cell 
array and also has another power supply line part 24b 
made of a metallic ?lm as an aluminum ?lm outside the 
memory cell array. Therefore, as shown in FIGS. 8 and 
9, these power supply line parts 240 and 24b are con 
tacted with each other through a contact hole 31, at the 
boundary between the outside and inside of the memory 
cell array. 
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With the SRAM having an arrangement as men 

tioned above, usually, the gate electrodes of the transis 
tors 13 and 14 and the word line 25 are made of a poly 
crystalline silicon ?lm as the ?rst layer, the grounding 
line 23 is made of a polycrystalline silicon as the second 
layer, and the resistor elements 17 and 18 and the power 
supply line part 240 are made of a polycrystalline silicon 
?lm as the third layer on a semiconductor substrate. 

Furthermore, for the purpose of decreasing the area 
of the memory cell to thereby increase its integration 
density, in one method, the contact hole 31 between the 
power supply line parts 24a as the third layer and the 
power supply line parts 24b is made immediately above 
the grounding line 23 of the polycrystalline silicon ?lm 
of the second layer as shown in FIG. 8. 
As already mentioned above, the polycrystalline sili 

con film of the third layer is about 50 nm thin. The 
contact hole 31 is made by etching an interlayer insulat 
ing ?lm (made of SiO; in most cases) disposed between 
the power supply line parts 24a and 24b to electrically 
connect the line parts 240 and 24b as shown in FIG. 9. 
However, when the contact hole 31 is made, the poly 
crystalline silicon ?lm of the power supply line part 24a 
may fail to function as an etching stopper, with the 
result that the contact hole 31 undesirably penetrates 
even the power supply line part 240. 

In addition, since the interlayer insulating ?lm 33 
between the power supply line part 240 and grounding 
line 23 is usually made of an Si02 ?lm, when the contact 
hole 31 is made through the power supply line part 24a, 
the contact hole 31 is also extended through the inter 
layer insulating ?lm 33 and often reaches even the 
grounding line 23, as shown by dotted lines in FIG. 9. 
Under such a condition, when the power supply line 

part 24b is formed, this causes the power supply line 
part 24b to be contacted even with the grounding line 
23 through the contact hole 31, thus disadvantageously 
resulting in that short-circuiting takes place between the 
power supply and grounding lines 24 and 23. 

In order to eliminate such a disadvantage, such a 
highly dif?cult technology is required to control the 
etching process to prevent the contact hole 31 from 
reaching the grounding line 23. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a semiconductor device in which, even when a 
contact hole for contacting with only an upper wiring 
layer is made penetrating through the upper wiring 
layer and reaching even a lower wiring layer, short-cir 
cuiting between the upper and lower wiring layers can 
be avoided. 

In accordance with an aspect of the present inven 
tion, the above object is attained by providing a semi 
conductor device which comprises a ?rst conducting 
layer, a ?rst insulating layer covering the ?rst conduct 
ing layer, a second conducting layer positioned on the 
?rst insulating layer to have a ?rst overlap part over 
lapped with the ?rst conducting layer as viewed from 
top, a second insulating layer covering the second con 
ducting layer, a third conducting layer positioned on 
the second insulating layer and having a second overlap 
part overlapped with the ?rst overlap part as viewed 
from top, a contact hole made in the second insulating 
layer at a position corresponding to the second overlap 
part, and an isolated conductive island insulated from 
other part of the ?rst conducting layer being formed in 
the layer located at a position corresponding to the 
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contact hole, and in which the second conducting layer 
is electrically connected to the third conducting layer 
through the contact hole. 

In accordance with another aspect of the present 
invention, there is provided a semiconductor device 
which further comprises a second contact hole made in 
the first insulating layer at a position corresponding to 
the ?rst overlap part but different from the contact 
hole, and wherein the isolated conductive island is pro 
vided at a pan further enclosing a position correspond 
ing to the second contact hole, and the isolated conduc 
tive island is electrically connected to the second con 
ducting layer through the second contact hole. 

In this case, the ?rst and second conducting layers, 
respectively, are, for example made of polycrystalline 
semiconductor material. 

In the semiconductor device of the present invention, 
during formation of the contact hole in the second insu 
lating layer between the second and third conducting 
layers, even when the contact hole is extended through 
the second conducting layer and reaches the ?rst con 
ducting layer, short-circuiting can be prevented from 
taking place between the major part of the ?rst con 
ducting layer and the second or third conducting layer, 
since that part of the ?rst conducting layer formed 
therein as an isolated island at a position of the contact 
hole is separated from the other remaining part of the 
?rst conducting layer. 
With the semiconductor device of the second em 

bodiment of the invention, since the isolated conductive 
island is further connected to the second conducting 
layer through the second contact hole, when the ?rst 
contact hole is extended up to the isolated conductive 
island to thereby cause electrical short-circuiting be 
tween the third conducting layer and isolated conduc 
tive island, interconnection between the third and sec 
ond conducting layers can be reliably established. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan view showing a contact hole region 
of a semiconductor device in accordance with a ?rst 
embodiment of the present invention; 
FIG. 2 is a cross-sectional view taken along line 

11-11 in FIG. 1; 
FIG. 3 is a plan view showing a contact hole region 

of a semiconductor device in accordance with a second 
embodiment of the present invention; 
FIG. 4 is a cross-sectional view taken along line 

IV—IV in FIG. 3; 
FIG. 5 is a plan view showing a contact hole region 

of a semiconductor device in accordance with a third 
embodiment of the present invention; 
FIG. 6 is a cross-sectional view taken along line 

VI-VI in FIG. 5; 
FIG. 7 is an equivalent circuit of a high-resistance 

load type 4-transistor memory cell in a prior art SRAM 
to which the present invention is to be applied; 
FIG. 8 is a plan view showing a contact hole struc 

ture in the prior art semiconductor device, and 
FIG. 9 is a cross-sectional view taken along line 

IX-IX in FIG. 8. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention will be described in more detail 
referring to FIGS. 1 to 6 which show embodiments of 
the present invention applied to a high-resistance load 
type 4-transistor cell of an SRAM. In FIGS. 1 to 6, 
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4 
parts having the same reference as in FIGS. 7, 8 and 9 
have the same structures. 
Embodiments of the present invention shown in 

FIGS. 1 to 6 are directed to such structures formed on 
an insulating ?lm provided on a polycrystalline silicon 
?lm as the ?rst layer on a semiconductor substrate. Gate 
electrodes of transistors are formed in the ?rst layer. A 
?rst conducting layer formed as a grounding line 23 on 
the above insulating ?lm is made of a polycrystalline 
silicon ?lm as the second layer on the substrate having 
a thickness of about 100-200 nm. The grounding line 23 
may be made of a polycide ?lm 200-300 nm thick and 
including a tungsten silicide ?lm. A part of the power 
supply line 24 indicated by 24a which corresponds to 
the second wiring layer connected to resistor elements 
17 and 18 within the memory cell array is made of a 
polycrystalline silicon ?lm as the third layer on the 
semiconductor substrate having a thickness of about 50 
nm. A part 24b of the power supply line 24 which corre 
sponds to a third conducting layer provided outside the 
memory cell array is made of an aluminum ?lm. The 
power supply line part 240 provided within the memory 
cell array is connected to the power supply line part 24b 
provided outside the memory cell array immediately 
outside the array through a contact hole. The contact 
hole itself is made in an interlayer insulating ?lm above 
an isolated island 34 formed in the ?rst wiring layer 23. 
FIGS. 1 and 2 show a ?rst embodiment of the present 

invention. In the ?rst embodiment, an interlayer insulat 
ing ?lm 32 disposed between the power supply line 
parts 24a and 24b is provided therein with the contact 
hole 31 which is positioned at a position corresponding 
to an overlapped part of the power supply line parts 24a 
and 24b above the isolated island 34. The power supply 
line part 24a is electrically connected to the power 
supply line part 24b through the contact hole 31. 
A part of the second-layer polycrystalline silicon ?lm 

of the grounding line 23 located immediately below the 
contact hole 31 is formed as the isolated island 34 sepa 
rated from the other remaining part of the grounding 
line 23. The separation of the island-like part 34 from 
the other part of the grounding line 23 may be realized 
by subjecting the grounding line ?lm 23 to a micro 
processing based on a phase-shift photolithography. 
And, as shown in FIG. 2, the contact hole 31, which 

is made in the interlayer insulating SiOz ?lm 32 disposed 
between the power supply line part 24a of the third 
layer polycrystalline silicon ?lm and the power supply 
line part 24b of the aluminum ?lm, is passed through the 
power supply line part 24a and further reaches the is 
land part 34 located therebelow. 

In other words, even in the present embodiment, 
since the polycrystalline silicon ?lm of the power sup 
ply line part 240 is made as thin as about 50 nm, like the 
prior art shown in FIG. 9, the contact hole 31 formed 
by etching tends to pass through not only the interlayer 
insulating ?lm 32 but also the power supply line part 
24a and an interlayer insulating ?lm 33 beneath the line 
part and to even reach the second-layer polycrystalline 
silicon ?lm. 

In the present embodiment, however, the island part 
34 of the second-layer polycrystalline silicon ?lm 23 
immediately beneath the contact hole 31 is separated 
and spaced from the other remaining part of the 
grounding line ?lm 23. For this reason, even when the 
power supply line part 24b is contacted by the second 
layer polycrystalline silicon ?lm through the contact 
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hole 31, this will cause no short-circuiting between the 
power supply line 24 and grounding line 23. 
There can occur such a case that the contact hole 31 

fails to reach the second-layer polycrystalline silicon 
?lm depending on the etching conditions. It is prefera 
ble from the viewpoint of easy control of various condi 
tions to control the etching process in such a manner 
that the contact hole 31 positively reaches the second 
layer polycrystalline silicon ?lm. 

In the latter case, the contact between the power 
supply line parts 24a and 24b can be established only at 
part of the inner wall of the contact hole 31 as illus 
trated. Thus, the contact area between the power sup 
ply line parts becomes small and thus a contact resis 
tance becomes high. 
There is next shown a second embodiment of the 

present invention in FIGS. 3 and 4. In the present em 
bodiment, an interlayer insulating ?lm 33 is provided 
between a third-layer polycrystalline silicon ?lm 33 as a 
power supply line part 24a and a second-layer polycrys 
talline silicon ?lm as a grounding line 23, the interlayer 
insulating ?lm 33 is provided therein, in addition to such 
a contact hole 31 as mentioned above, with another 
contact hole 35 which is positioned above an island-like 
part 34 so that the power supply line part 240 is con 
tacted with the island part 34 through the contact hole 
35. Thus, when the contact hole 31 is positively made so 
as to reach the second-layer polycrystalline silicon ?lm, 
the power supply line part 240 can be electrically con 
tacted with a power supply line part 24b through the 
island part 34 of the second-layer polycrystalline silicon 
?lm, with a suf?ciently low contact resistance therebe 
tween. 

Shown in FIGS. 5 and 6 is a third embodiment of the 
present invention. In the present embodiment, a ?rst 
contact hole 35 is made to extend through a ?rst inter 
layer insulating layer 33 between a power supply line 
part 24a of a polycrystalline silicon ?lm and an isolated 
conductive island 34, so that electrical interconnection 
between the power supply line part 240 and isolated 
conductive island 34 is established by means of the ?rst 
contact hole 35. Further, a second contact hole 31 is 
made to extend both through a second interlayer insu 
lating layer 32 between the power supply line part 24a 
and a power supply line part 24b of an aluminum ?lm 
and through the ?rst interlayer insulating layer 33, so 
that electrical interconnection between the power sup 
ply line part 24b and isolated conductive island 34 is 
established by means of the second contact hole 31. This 
enables the electrical interconnection between the 
power supply line parts 240 and 24b to be ensured 
through the isolated conductive island 34. The third 
embodiment can ensure more reliable electrical inter 
connection between the power supply line parts 240 and 
24b as compared with the case of the direct intercon 
nection therebetween, since a suf?cient contact area can 
be obtained. 

Further, when the second contact hole 31 is made to 
extend not only through the ?rst and second interlayer 
insulating layers 33 and 32 but also through the power 
supply line part 24a, the contact area can be further 
increased and a contact resistance can be advanta 
geously made small. 
Although explanation has been made in connection 

with the embodiments in which the present invention is 
applied to the high-resistance 4-transistor cell of the 
SRAM, the present invention is not limited to the spe 
ci?c examples but may be applied even to other semi 
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6 
conductor devices having a multi-layer wiring struc 
ture. 
As has been explained in the foregoing, in accordance 

with the semiconductor device of the present invention, 
during the formation of the contact hole in the second 
insulating layer between the second and third conduct 
ing layers, even when the contact hole is extended 
through the second wiring layer and reaches the ?rst 
wiring layer located below the second one, short-cir 
cuiting can be reliably avoided between the the major 
part of the ?rst conducting layer and the second and 
third conducting layers. As a result, control over vari 
ous conditions during the formation of the contact hole 
can be relatively easily carried out, its manufacturing 
ef?ciency can be improved, and its yield can also be 
improved. 

Since the contact hole between the power supply line 
parts can be provided at a position above the grounding 
line without causing any short-circuiting between the 
power supply and grounding lines, the SRAM can be 
fabricated with a high integration density and a good 
yield. 
What is claimed is: 
1. A semiconductor device comprising: 
a ?rst conducting layer; 
a ?rst insulating layer covering said ?rst conducting 

layer; 
a second conducting layer positioned on said ?rst 

insulating layer and having a ?rst overlap part 
which is overlapped with said ?rst conducting 
layer as viewed from the top; 

a second insulating layer covering said second con 
ducting layer; 

a third conducting layer positioned on said second 
insulating layer and having a second overlap part 
which is overlapped with said ?rst overlap part as 
viewed from the top; 

a contact hole made in said second insulating layer at 
a position corresponding to said second overlap 
part; and 

an isolated conductive island formed in said ?rst con 
ducting layer, so that an area of said isolated con 
ductive island covers a sectional area of said 
contact hole and said isolated conductive island is 
electrically insulated from other parts with the 
exception of said contact hole, and 

wherein said second conducting layer is electrically 
connected to said third conducting layer through 
said contact hole. 

2. The semiconductor device as set forth in claim 1, 
further comprising a second contact hole made in said 
?rst insulating layer at a position corresponding to said 
?rst overlap part and separated from said contact hole, 
and wherein said isolated conductive island further 
covers a sectional area of said second contact hole, and 
said isolated conductive island is electrically connected 
to said second conducting layer through said second 
contact hole. 

3. The semiconductor device as set forth in claim 1, 
wherein said ?rst and second conducting layers are 
respectively made of a polycrystalline semiconductor 
material. 

4. The semiconductor device comprising: 
a ?rst conducting layer; ' 
a ?rst insulating layer covering said first conducting 

layer; 
a second conducting layer positioned on said ?rst 

insulating layer and having a ?rst overlap part 
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which is overlapped with said ?rst conducting 
layer as viewed from the top; 

a second insulating ?lm covering said second con 
ducting layer; 

a third conducting layer positioned on said second 
insulating layer and having a second overlap part 
which is overlapped with said ?rst conducting 
layer as viewed from the top; 

a ?rst contact hole made in said ?rst insulating layer 
at a position corresponding to said ?rst overlap 
Part; 

a second contact hole made in said second insulating 
layer at a position corresponding to said second 
overlap part; and 

an isolated conductive island formed in said ?rst con 
ducting layer, so that an area of said isolated con 
ductive island covers a sectional area of said ?rst 
and second contact holes and said isolated conduc 
tive island is electrically insulated from other parts 
except for said ?rst and second contact holes, 

wherein said isolated conductive island is electrically 
connected to said second conducting layer through 
said ?rst contact hole and to said third conducting 
layer through said second contact hole. 

5. The semiconductor device as set forth in claim 4, 
wherein said second overlap part includes a third over 
lap part which is overlapped with said ?rst overlap part, 
and said second contact hole is located in said third 
overlap part and formed to extend through said ?rst 
insulating layer, said second conducting layer and said 
second insulating layer. 

6. The semiconductor device as set forth in claim 4, 
wherein said ?rst and second conducting layers are 
respectively made of a polycrystalline semiconductor 
material. 

7. A semiconductor device comprising: 
a ?rst conducting layer; 
a ?rst insulating layer covering said ?rst conducting 

layer; 
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8 
a second conducting layer positioned on said ?rst 

insulating layer and having a ?rst overlap part 
which is overlapped with said ?rst conducting 
layer as viewed from the top; 

a second insulating layer covering said second con 
ducting layer; 

a third conducting layer positioned on said second 
insulating layer and having a second overlap part 
which is overlapped with said ?rst overlap part as 
viewed from the top; 

a contact layer for electrically connecting to said 
second conducting layer and said third conducting 
layer, made in said second insulating layer at a 
position corresponding to said second overlap part, 
and 

an isolated conductive island formed in said ?rst con 
ducting layer, so that an area of said isolated con 
ductive island covers a sectional area of said 
contact layer and said isolated conductive island is 
electrically insulated from other parts except for 
said contact layer. 

8. The semiconductor device as set forth in claim 7, 
further comprising a second contact layer made in said 
?rst insulating layer at a position corresponding to said 
?rst overlap part and separated from said contact layer, 
and wherein said isolated conductive island is located at 
said part further enclosing a position corresponding to 
said second contact layer further covers a sectional area 
of said second contact layer, and said isolated conduc 
tive island is electrically connected to said second con 
ducting layer through said second contact layer. 

9. The semiconductor device as set forth in claim 7, 
wherein said ?rst and second conducting layers are 
respectively made of a polycrystalline semiconductor 
material. 

10. The semiconductor device as set forth in claim 7, 
wherein said isolated conductive island is electrically 
connected to said second conducting layer through said 
contact layer. 

* * * 1k * 


